Abstract: Linear motor has gain popularity as linear motion drive in office and factory automation which provides an alternative method to conventional rotary motor. Chip mounting is one of linear motor applications especially for Linear DC Motor (LDM). Displacement sensor which is normally used for positioning on the system, made the system expensive. This paper discusses the application of sensor less on positioning system for LDM. A spring is used to determine the position, while the spring displacement which is proportional to the thrust was produced by the motor. The thrust itself can be controlled by controlling the current supplied to the motor. Therefore, the positioning of LDM can be controlled by varying the current value. The approach used in this paper is to control the current is by manipulating various pattern of Pulse Width Modulation (PWM) signal. As a result, the settling time less than 32ms for 10mm positioning has been achieved.
I. INTRODUCTION
Linear motor provides direct linear motion without mechanical transmission devices. Unlike conventional rotary motor, the absence of intermediate mechanical transmission devices such as gear, belt, chain and motor coupling eliminates backlash and compliance, reducing friction and increasing motor efficiency. Simple structure of linear motor offer high flexibility to the machine in terms of size and space. Few components in the motor and little lubrication made installation and maintenance becomes easy. There are many application of linear motor and it is various from simple sliding door to a fully controlled CNC machine. The size of the motor are also varies from a small robot end-gripper to the full size of bullet train in Japan. Recent 
III. LDM SENSORLESS POSITIONING SYSTEM
MOSFET transistors. 
Where Fim is external force (Motor force), m is the mass, c is the damping coefficient (friction) and k is spring constant. Once the external force (motor force) acts on the body (motor's coil), it will produce a motion and displace the body to some distance until it reach the equilibrium point.
By increasing the external force fm, displacement x, of the body (motor's coil) is also increased. From (2), the external force (motor force) is proportional to the current supplied to the coil. Therefore, by increasing the current value, the displacement of the motor will also increased.
B. Characteristics ofsensor less positioning System
This section discusses the results obtain from the experiment done as in previous section. The objective of the experiment is to make the motor displace 10mm from initial position. The frequency of PWM signal has been set at 9 kHz. The value of duty cycle then will be used to control the displacement of motor. Power supply for the motor has been set at 12V with 2A current. Fig 6 shows Based on the time response of different duty cycle ranging from 10% to 100% as shown in Fig 6, 50% duty cycle and above produces almost the same speed and reach 10mm within 32ms. Therefore for dual stage approach, 50% duty cycle was used as first duty cycle for the first 32ms (tl), followed by 14% duty cycle to maintain displacement of m from initial position. Fig. 9 shows the result for dual stage approach. Overshoot appears in the response due to the inertia of the moving coil. By decreasing the period of the first duty cycle, the overshoot is also decreased; decreasing the period of first duty cycle had increased the rise time of the response. Triple stage PWM Triple stage approach was used to eliminate the overshoot produced by dual stage approach while maintaining fast rise time. In triple stage approach, three different values of duty cycle were used to energize the coil. The PWM pattern for triple stage approach is shown in Fig.  11 . The first duty cycle is used to increase the speed of the motor, thus reduce the rise time as in the dual stage approach. The second duty cycle is used to reduce the inertia effect by sending reverse signal to the coil. The third duty cycle is used to maintain the motor at desired position. Fig. 12 shows the result of triple stage approach. The period for the first duty cycle (50%) has been set at 32ms as in dual stage. The same duty cycle and period are also applied to reverse the signal. The motor displace 10mm and reverse to the initial position before moving forward and maintained at 10mm displacement as shown in Fig. 12 . By decreasing the period of the reversed signal (t2), the settling time is also reduced. The best response for triple stage approach was achieved by using 50% duty cycle for 32ms, followed by the reversed 50% duty cycle for 4ms and maintained at 14% duty cycle. In triple stage approach, the reversed signal help to eliminate overshoot, but the motor moves slightly reverse before it maintain at the desired position. In order to remove the reverse movement, quartet stage uses four different duty cycle. The first and second duty cycle follow as triple stage approach. The third duty cycle is added to remove the reverse movement by sending forward signal with the same magnitude as reverse signal. The forth signal is 14% duty cycle to maintain the motor at desired position. Fig. 14 shows the result of quartet stage approach. The best response for quartet stage approach was achieved when using 50% duty cycle for 32ms, followed by reversed 50% duty cycle for 8ms, followed by forward 50% duty cycle for 8ms and finally maintained at 14% duty cycle. 
